Introduction {#sec1}
============

Advances in genetics are changing the landscape of reproductive options and decisions for an increasing number of individuals. Choosing parenthood and the challenges of pregnancy and childbearing are among the most consequential experiences of modern life. Preimplantation genetic testing (PGT) is a specialized technique used to identify genetic conditions in embryos created through IVF. PGT involves testing for a particular monogenic disease (PGT for monogenic diseases \[PGT-M\]), for structural rearrangements in chromosomes (PGT-SR) or for an abnormal number of chromosomes i.e. aneuploidy (PGT-A) ([@ref37]). Previously, PGT-M was referred to as PGD, and PGT-A (PGT for aneuploidy) was termed PGS (reviewed in [@ref16]).

Indications for PGT-M are recessive single-gene disorders (e.g. cystic fibrosis), dominant single-gene disorders (e.g. Huntington's Disease), sex-linked disorders (e.g. Duchenne's muscular dystrophy), chromosomal disorders (e.g. translocation) or HLA matching (e.g. savior siblings; [@ref6]). PGT-M provides patients who are at risk of passing heritable diseases to their offspring with the ability to have healthy, unaffected children, while avoiding the ethically and emotionally challenging alternative of deciding whether or not to terminate a pregnancy found \`intrapartum' to be affected by that genetic disease (reviewed in [@ref16]). However, the decision-making process surrounding the use of PGT-M can raise profound, complex issues related to reproduction. Individually, and often as a couple, patients are forced to consider moral and ethical questions regarding the value of a potential life affected by genetic disease; to evaluate their ability to tolerate the physical and emotional risks and financials costs associated with IVF treatment; to contemplate the risks associated with inaccurate or indeterminate testing results---such as those issues posed by embryo mosaicism ([@ref16])---and the myriad other limitations of genetic testing; and, following failed treatments, to decide whether or not to use PGT-M again in the future (e.g. [@ref7]). These factors are likely to affect the extent to which couples experience emotional distress and decisional uncertainty when considering testing.

Prior survey studies of couples who have previously elected to proceed with IVF and PGT-M do demonstrate that the psychological effects of the process remain present for up to 3 years ([@ref21]). Thus, it seems reasonable to suspect that the experience of deciding whether or not to use PGT-M---especially for those already coping with infertility or concerned about serious heritable conditions---is highly stressful, with consequences for emotional well-being. Although a few prior studies have assessed factors that affect the ultimate decision that patients make in considering PGT-M ([@ref18]), little is known regarding the distress and uncertainty that patients have during the process of contemplating testing, regardless of what decision they ultimately make. These early experiences may affect not only patients' ultimate reproductive decisions and thus long-term reproductive outcomes but also the health of their future offspring.

Developing a conceptual framework grounded in psychological theory {#sec2}
------------------------------------------------------------------

Currently, to the authors' knowledge, there are two previously published models from one group regarding the PGT decision-making process ([@ref18]; [@ref17]); however, their models consider the steps made in deciding whether or not to pursue PGT (i.e. the \`process of getting to the uptake decision'), but not the \`psychological experience' of the decision-making process itself, and the factors that contribute to the extent of patients' experiences of decisional uncertainty and distress. Specifically, Hershberger and colleagues used their systematic review findings to suggest a framework in which couples' PGT decision making is composed of three iterative and dynamic dimensions: cognitive appraisal tasks (e.g. evaluating risks and success rates), emotional responses and moral judgments (e.g. status of the embryo). More recently, among couples who were considering or recently used PGT-M ([@ref17]), Hershberger and colleagues identified four phases associated with the test uptake decision. In the \`Identify' phase, couples determined that there was a reason to consider repro-genetic testing. In the \`Contemplate' phase, couples decided whether or not to pursue parenthood and, if so, they explored various options relevant to their genetic family history such as PGT-M. When couples decided whether or not to use PGT-M, they moved into the \`Resolve' phase. At this point, [@ref17]) classified their participants into three sub-categories according to whether they decided to test, declined testing or were \`oscillating' (e.g. considering PGT-M if another reproductive strategy was not successful). Couples who subsequently initiated an IVF/PGT-M cycle entered the \`Engage' phase. Study results indicated that progression through these phases was not linear, but instead dynamic as couples revisited their decisions and obtained new information. Furthermore, this study observed considerable variability across couples in the degree of decisional difficulty they experienced.

Although this model is useful in characterizing the stage of decision making at which a couple may be during any given time period, it does not address the factors affecting this process and the psychological outcomes that patients experience as a result. In the authors' opinion, a conceptual framework with which to understand the \`process' of decision making that these patients experience, as well as the factors contributing to decisional \`distress' that they endure as a result, is crucial to optimize patient counseling, satisfaction and outcomes in the field of ART. In our opinion, this type of framework, focusing upon psychological experiences and outcomes, is critical to the identification of intervention opportunities that hopefully will improve upon patient experiences with this decision-making process---regardless of what they ultimately choose to do. Given that the process of PGT-M decision making is first and foremost cognitive/emotional, we suggest that the best way to understand and study patient experiences with PGT-M decision making is through psychological theory.

It is valuable to conceptualize the PGT-M decision-making process through the lens of Lazarus's widely accepted theoretical approach to coping with stressful life events ([@ref27]). This approach holds that stressful life events are dynamic \`person-environment transactions', influenced both by characteristics and resources of individuals and also by characteristics of the event itself. These individual and contextual factors influence the way a person evaluates an event and the extent to which they believe that the event threatens their welfare (\`primary appraisal'). According to this approach, events that are perceived to pose harm, threat or challenge to one's well-being because they tax or exceed one's resources are experienced as stressful. From this perspective, based on the few but informative reports of the experience of individuals referred for PGT-M (as reviewed in [@ref15]), the decision about whether or not to undergo testing is a stressful process. The decision-making process is emotionally and cognitively taxing, adds strain to one's relationships and creates logistical and financial burdens as well (e.g. [@ref26]; [@ref41]; [@ref48]). Furthermore, as the Lazarus approach suggests and numerous studies document, the ways that people respond to or cope with a stressful event (\`secondary appraisal') affect their emotional states and other outcomes. Thus, both individual and contextual factors contribute to decisional distress and uncertainty in a patient considering PGT-M. In the context of this decision-making process, our framework identifies two factors that contribute to decisional distress and uncertainty and are consistent with Lazarus' theoretical approach, namely \`intraindividual' and \`situational factors' ([Fig. 1](#f1){ref-type="fig"}).

![**Framework of PGT-M decision-making influences on decisional distress and uncertainty.** PGT-M: preimplantation genetic testing for monogenic diseases, MD: medical doctor.](hoz019f1){#f1}

Relevant to our conceptual framework for understanding the outcomes of distress and uncertainty in the context of critical decision making is the work of [@ref28]) in the cancer control domain. Luce elaborates on Lazarus's approach as it relates to making decisions with strong emotional valence and difficult trade-offs with uncertain outcomes. Luce describes decision-generated stress as a unique component of a health-related stressor, which can be tempered by intraindividual and interpersonal coping resources such as ethical attitudes and relationship quality. Based on Luce's work, we derived a third contributing factor to distress in our framework, \`interpersonal factors' ([Fig. 1](#f1){ref-type="fig"}).

It is of interest to note that the aforementioned framework developed by [@ref18]) offers support for our psychological framework describing the decision-making process and its psychological outcomes in the realm of PGT-M. Hershberger and colleagues' model provides an important synthesis of the decisional tasks involved in PGT-M decision making and offers a basis for identifying factors that influence whether individuals get \`stuck' in these tasks and what adds to their decisional distress and uncertainty as they navigate these tasks individually and dyadically. Our framework moves a step beyond to focus upon these latter aspects of the process and to formulate an understanding of contributing factors and the subsequent results of those stressors.

Applying current knowledge to support and build upon our conceptual framework {#sec3}
-----------------------------------------------------------------------------

Thus, as described in [Fig. 1](#f1){ref-type="fig"}, we propose three factors contributing to patient decisional distress and uncertainty during the contemplation of PGT-M: \`intraindividual', \`interpersonal' and \`situational' factors. These factors combine to create a complex emotional and cognitive environment, which influences patient decision making in this area. The resultant decisional distress and uncertainty that occur can have a variety of adverse outcomes for patients.

To further develop our framework, we next moved to better characterize the specific components, which make up these groups of distress-inducing factors via a literature review of currently published literature on decision making and PGT-M. (Due to the scarcity of research on PGT-A and PGT-SR, we restrict our framework to PGT-M. This restriction also makes intuitive sense given the differences in motivation for single-gene testing for a specific disorder as opposed to chromosomal screening for other purposes, e.g. to help/potentially avoid a miscarriage.) As alluded to earlier, the majority of existing literature on the topic of decision making regarding PGT-M assesses factors that influence the decision that patients ultimately make regarding PGT-M, rather than assessing the components contributing to decisional distress and uncertainty for all patients while considering whether or not to opt for PGT-M. We therefore considered findings from these studies, as well as from well-accepted psychological theories of stress and health decision making, to inform our framework.

### Intraindividual factors {#sec4}

Two primary intraindividual factors likely to influence PGT decisional distress and uncertainty include health information processing and ethical/moral attitudes. How people collect, interpret and revisit health information influences their decision making and their later satisfaction with it. There is evidence that individual differences exist in preferences for health information: some people prefer to avoid it or feel frightened and overwhelmed by it (\`blunters'), while others seek out information and may be reassured by it (\`monitors') ([@ref30], [@ref31]). Monitors focus on and evaluate threatening or stressful information, whereas blunters tend to distract themselves in order to blunt the information's emotional impact. People experience better mental and physical health when they receive information that matches their informational coping style. Gender differences in informational coping styles may also exist. In one recent study, husbands of subfertile women sought online information more than their wives to supplement what they learned in the clinic ([@ref34]).

Although research has not yet examined the role of individual characteristics, such as informational coping style, in PGT-M decisional distress and uncertainty specifically, information itself does play a central role ([@ref15]). For example, women with a family history of breast or ovarian cancer report needing education and unbiased information about PGT-M, and they prefer receiving it from someone not invested in the testing decision (e.g. genetic counselor) ([@ref39]; [@ref20]). Couples may have difficulty understanding the educational materials that are provided and may turn to the Internet and social media for their information ([@ref42]). Information from one's healthcare provider may be particularly important. Provider influence and information was one of the top three factors associated with uptake of PGT-A in a 2016 study ([@ref14]), and this may also be true for PGT-M decision making. Provision of pre-test information about medical procedures has also been shown to decrease infertility-specific anxiety and stress ([@ref36]).

Additionally, the ability that patients have to process their health information and their reactions to it are affected by provider education and recommendations. Using a sample of 27 infertility providers (4 of whom were also patients) and 10 patients, [@ref24]) described how the providers' experience and knowledge of PGT and genetics influence their referral/recommendations about PGT to patients. Therefore, in addition to the patient's own attitude and knowledge about PGT, providers' attitudes and knowledge also have an impact on patients, in terms of whether they are referred for PGT counseling or if testing is recommended. This decision-making influence was novel among the reviewed reports. Other influences on the decision-making process that echo sentiments expressed elsewhere ([@ref15]) include the severity of the genetic disorder, childhood versus adult onset of the genetic condition, potential testing for multiple genetic conditions, the complexity of the PGT process and related gaps in understanding the procedures, unanticipated test results and unsuccessful prior fertility treatment, all of which can increase emotional distress. Patients also noted that social acceptance of PGT has increased over time, which altered their perception in a more favorable direction.

Another relevant intraindividual factor is a person's ethical or moral perceptions of PGT-M. The selection and disposition of embryos (affected and unaffected and used and unused) involves ethical considerations among individuals contemplating PGT ([@ref23]; [@ref22]; [@ref50]). Across studies, 30% of PGT-M considerers expressed ethical concerns ([@ref38]); other research confirms that in deciding about PGT testing, many patients reported ethical conflicts ([@ref41]; [@ref33]). Because PGT-M is more controversial for adult-onset (versus childhood-onset) hereditary diseases, such as the breast cancer *BRCA1/2* gene that increases lifetime cancer risk ([@ref11]), this may also contribute to decisional distress or uncertainty.

### Interpersonal factors {#sec5}

The quality of a couple's relationship, how they typically make decisions and their joint decision-making approach are also primary factors likely to affect distress and uncertainty in PGT-M decision making. Because PGT decision making usually involves a couple, it is important to consider dyadic factors. *BRCA1/2* carriers ([@ref52]), for example, reported negotiating whether one partner had greater decision-making power in terms of both PGT-M and reproductive decision making in general. Greater decision-making power may rest with the partner whose body is most affected by the IVF process or the person whose genetic history is driving the consideration of PGT-M ([@ref52]). Individuals at risk for Huntington's disease ([@ref25]) also reported negotiating their (sometimes unequal) balance in making joint reproductive decisions (unrestricted to PGT-M). In the case of PGT-M, where there is a positive family history, siblings and other family members are also likely to influence decision making ([@ref43]).

Considerable research underscores the value of interpersonal resources, such as supportive relationships, in alleviating the impact of stressful life events on emotional and psychological outcomes ([@ref46]). In the context of infertility and PGT decision making, there is some relevant evidence. Individuals who perceive their partner to be available and responsive have been shown to experience lower stress related to their infertility than individuals who perceive their partner to be avoidant and non-responsive ([@ref49]; [@ref8]). In one study of patients contemplating the use of PGT-A, social support or acceptance from partner, family and/or friends was a strong influence on test uptake ([@ref14]). In contrast, in a separate study ([@ref51]), social support was not predictive of intended or actual use among women, although \`insufficient' social support had some influence on the male partner's uptake decision. Neither of these two studies assessed the extent to which social support may have alleviated decisional distress or uncertainty.

The interpersonal relationship between the patient and the provider may also influence the level of distress and uncertainty that accompanies this decision making. As discussed above, the provider influences the health information received and can influence the perception of the medical choices and their relative merits.

### Situational factors {#sec6}

Finally, a wide array of situational factors is likely to affect decisional distress and uncertainty, including financial aspects of testing and reasons for PGT referral (e.g. genetic history). The psychological milieu is very likely to differ for people with an offspring affected with a known inherited genetic condition ([@ref5]; [@ref40]). A study of 246 couples found that living with an affected child had a negative association with PGT-M intention ([@ref51]), although the authors did not report whether these parents had a different emotional or psychological response to testing. Having an affected child or just a positive family history was also a factor influencing reproductive decision making (defined broadly) in cystic fibrosis carrier couples ([@ref32]).

The ability to pay for IVF and PGT-M is influenced by insurance coverage and access to financial assistance from personal funds, family, bank or credit card loans etc. In addition, the perceived value of this expenditure relative to other ways to spend resources, whether in the form of money, time or emotional energy, is also likely to elevate uncertainty and distress. Couples from the UK reported that the myriad risks and choices involved with PGT-M testing affected their financial security, relationships, career and health ([@ref41]). Two studies ([@ref9]; [@ref14]) have also found financial cost to be a critical factor in deciding whether to use PGT-M. Having an affected child influences the financial situation of the family ([@ref45]), so those considering PGT-M to avoid a second affected child may already be financially challenged. As reported (<https://www.fertilityiq.com/cost>), while IVF alone costs approximately US \$12 000, the required medications cost an additional \$5000, and PGT-M adds another \$5000--6000. In the UK, 40% of couples that use IVF undergo more than one cycle ([@ref44]), and across the ESHRE consortium ([@ref3]) and in the USA (using fresh non-donor eggs or embryos; [@ref4]), \~29--30% of IVF cycles result in a clinical pregnancy. Thus, for many couples, the cost of PGT-M is multiplied by each IVF cycle and insurance coverage for these procedures varies widely. That multiple cycles are often required adds to the uncertainty of the costs, and this uncertainty regarding cost can increase decision-related distress.

### Testing the framework: hypotheses and prediction {#sec7}

As shown in [Fig. 1](#f1){ref-type="fig"}, we hypothesize that the three sets of factors---intraindividual, interpersonal and situational---contribute to decisional distress and uncertainty in patients considering PGT-M. That is, we predict that knowledge about the characteristics of patients and about the testing context itself will help to identify those who are experiencing greatest distress and uncertainty. The framework also incorporates several subsidiary, specific hypotheses. For example, as articulated above, we expect that patients with moral quandaries about the testing, and those with poorer relationship quality, insufficient social support, prior experience of subfertility or financial strain, will experience greater distress and uncertainty.

Research applications {#sec8}
---------------------

The framework presented here offers a foundation for empirical research to further our understanding of the PGT-M decision-making process. For some of the predictor variables identified in our framework, particularly intraindividual and interpersonal factors, well-validated instruments exist that can be administered easily in clinical settings or made available to patients online. Instruments designed to assess variables, such as informational preferences, marital/relationship quality, dyadic coping and social support from friends, family and health care providers, can be selected from published literature, using versions appropriate to the characteristics of a sample, such as their cultural background and level of education. Researchers also have the potential to examine a wide range of situational factors as predictors of decisional distress and uncertainty. Presumably, the situational factors of interest will reflect the particular testing and patient care context, such as reasons for testing referral and financial issues that are pertinent.

In comparison to the availability of appropriate instruments for many of the variables represented by the three sets of predictor factors in our conceptual framework, there is a lack of valid measurement tools to assess the outcomes identified by this framework: that is, the decisional distress and uncertainty faced by patients who are deciding whether to use PGT-M. Our team has therefore undertaken a research program to develop, pilot and standardize instruments to assess decisional distress and uncertainty associated with PGT-M (e.g. [@ref35]; [@ref42]). We are now collecting data to establish the feasibility, reliability, validity and acceptability to patients of these instruments and will soon make them available to others for research and clinical use.

Clinical applications {#sec9}
---------------------

Specifically relevant to this framework, the decisional distress and decisional uncertainty tools could be used in a predictive manner in the clinic. That is, patients could complete the questionnaires and then the delivery of the services (education, genetic counseling, test result communication etc.) would be modified accordingly in response to the questionnaire responses and overall scores. As a hypothetical specific example, a person with high decisional distress or uncertainty may indicate through a health information processing instrument (such as the Health Information Orientation Scale; [@ref10]) that they are information seekers as opposed to reporting \`information apprehension'. In this instance, the patient will likely benefit from extended education/details and provision of resources for subsequent self-education before, during or after the PGT-M testing. As an example of this approach in pediatrics, a patient-facing enhanced genomic report (designed by patients for patients) was found by a small group of information seeker parents to improve communication with their providers and led to increased engagement and high satisfaction ([@ref53]).

By considering the major contributors to decisional distress in patient decision making about PGT-M, providers can tailor their interactions with patients to minimize decisional distress and uncertainty on an individualized basis. We suggest that patient counseling about PGT-M should begin, universally, with an acknowledgement that the decision to undergo PGT-M can be difficult and affected by the couple's relationship, reproductive history, belief systems, finances and interactions with the healthcare system (i.e. the intraindividual, interpersonal and situational factors outlined in our framework). After introducing the option for PGT-M, including the relevant clinical and financial information, providers should encourage an open dialog both between the partners and with the clinic regarding the factors that may influence their decision making about PGT-M. This will highlight any outstanding factual/educational gaps that the providers can fill in. Equally important, this facilitation of dialog in a non-judgmental manner will improve providers' ability to identify whether there is decisional distress for each patient. With that knowledge, the provider can help to address concerns specifically during subsequent counseling sessions and/or to make an appropriate referral (e.g. genetic counselor or repro-psychologist). Open patient/provider communication in the context of cancer patients and fertility concerns has been shown to be associated with lower patient distress, greater knowledge, greater involvement in the decision-making process about fertility preservation and greater satisfaction with health care ([@ref47]). Detailed guidelines for psychosocial care in fertility clinics have been outlined by ESHRE ([@ref12]), and our suggestions dovetail well with these guidelines.

This communication approach, armed with knowledge of the conceptual framework described here, can also be of direct use to health care providers (e.g. physicians, genetic counselors etc.) working within the shared decision-making model (SDM; [@ref2]). SDM guides attention to specific situational, intraindividual and interindividual factors that can impinge on the decision-making process, particularly for those struggling with the decision. Genetic counselors are in a unique position to address gaps in patient knowledge, the genetic implications and decisional considerations relevant to PGT-M. Thus, it can be particularly valuable for health care providers in the fertility clinic to use decision aids in the context of SDM to help alleviate potential PGT decision-making-related distress and uncertainty through patient/couple-centered interactions.

Couples considering PGT-M can be empowered to make informed decisions that they are less likely to regret in the future---thereby, hopefully, improving their retrospective beliefs about the process postnatally as well. Finally, in general, such improved communication and quality of interpersonal interactions during the PGT-M decision-making process could increase patient compliance with provider recommendations and improve patient perceptions of the quality of care they receive during reproductive treatments ([@ref1]). As reviewed elsewhere ([@ref12]), patients value how staff relate to them and want staff to acknowledge the emotional impact of infertility, and we presume these observations also pertain to the experience of PGT-M decision making.

Limitations of our proposed framework {#sec10}
-------------------------------------

Limitations of this framework include the fact that there is scant prior research on this topic. Additionally, although Hershberger and colleagues did apply their \`cognitive dimensions' of the PGT decision-making process ([@ref18]) to interpret findings from a study exploring the reasons that young women with cancer choose to undergo fertility preservation ([@ref19]), to the authors' knowledge, their conceptual model of the PGT-M decision-making \`process' ([@ref17]) has not been empirically tested with patients considering PGT. Further, because of the lack of any conceptual framework to describe the \`emotional' aspects of decisional distress experienced by patients considering PGT-M (prior to the one proposed here), there is not any empirical research published on PGT decisional distress or uncertainty.

Conclusion {#sec11}
==========

Here, we propose a novel way of conceptualizing patient decision making regarding the use of PGT-M. Our framework emphasizes the experiences of patients considering this option and the factors that can result in decisional distress and uncertainty for them---rather than focusing on stages of contemplation and whether or not they decide to pursue PGT-M.

Clinical implementation and next steps for research {#sec12}
---------------------------------------------------

Our psychological framework for interpreting the patient experience in deciding about PGT-M identifies several factors that contribute to decisional distress and uncertainty. These factors will form the basis for future research to better characterize the nature of these stressors, the risk factors that patients have for adverse psychological outcomes when exposed to those stressors and ultimately for quality improvement projects to avoid adverse patient experiences. For example, it appears clear that improved quality and timing of provider-to-patient communication and patient education could be highly beneficial ([@ref36]; [@ref39]; [@ref14]; [@ref15]). A patient-centered approach, however, is critical, as our framework highlights individual differences in informational processing and reactions to recommendations, as well as differing ethical and moral atittudes that inform patient decision making and their personal interpretations of their experiences with healthcare. Patient-centered care is associated with better patient well-being ([@ref1]; [@ref13]). Generating a method to identify the individual differences in preferences about receiving health information ([@ref30], [@ref31]), while considering the broad range of situational factors that are unique to each patient and couple, is critical to providing sensitive and optimal patient counseling and care. Recent research has found that a multimedia educational platform was successful in increasing patient understanding of risks and informed consent regarding various fertility interventions ([@ref29]), and this same approach could be applied to PGT services.

We propose that the first steps for researchers and clinicians are to determine the magnitude of distress and uncertainty that individuals experience in this context, to identify which patients may need directed counseling and support, to identify which factors contribute most significantly to their distress and uncertainty and to assess whether and how these contributors are modifiable. We believe that improved communication between providers and patients (open dialog through the SDM model), specifically regarding the couple's decision-making considerations, will facilitate greater PGT-M decisional certainty and decreased decisional distress among patients. Although alleviating emotional distress is important in its own right, it is also likely that distress and uncertainty affect the quality of decisions that people make about PGT-M and their perceptions of the quality of fertility care they received ([@ref1]). Empowering couples to make more informed PGT decisions may reduce future decision regret and may improve postnatal well-being, both of which are areas for future researchers to explore.
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